In order to effectively analyze and control use-related risk of medical devices, quantitative methodologies must be applied. Failure Mode and Effects Analysis (FMEA) is a proactive technique for error detection and risk reduction. In this article, an improved FMEA based on Fuzzy Mathematics and Grey Relational Theory is developed to better carry out userelated risk analysis for medical devices. As an example, the analysis process using this improved FMEA method for a certain medical device (C-arm X-ray machine) is described.
Introduction
The development of medical devices provides powerful tools for diagnosis and treatment of diseases, but also brings terrible medical risk. While the medical diagnosis and device technologies are improved continuously, more and more device-userelated clinical risks are attracting attention [1] . According to a study released by HealthGrades of U.S., among the 2,500,000 accident death of patients from 2000 to 2002, 575,000 of them result from preventable medial errors [2] . It is clear that in order to ensure medical devices provide services as expected, the use-related risk must be analyzed and controlled through effective measures.
Failure mode and effect analysis
The FMEA process is a "systematic method of identifying and preventing product and process problems before they occur". FMEA focuses on identifying and removing defects, enhancing safety, and increasing customer satisfaction [3] . It can be applied in the design of medical processes in order to prevent errors, accidents and adverse reactions. Examples of field of application are the design of the process of treatment and therapy administration.
Some commonly used terms related to FMEA are specified as follows [4] : Severity (S): the consequences of a failure mode. Severity considers the worst potential consequence of a failure, determined by the degree of injury, property damage, or system damage that could ultimately occur.
Occurrence (O): the probability of occurrence of a failure mode.
Detection (D): the level that potential causes of a failure mode can be inspected out.
FMEA is a procedure in product development and operations management for analysis of potential failure modes within a system for classification by the severity and likelihood of the failures.
The implementation steps of FMEA are operationally defined as [5] : a) choosing a process to be studied; b) assembling a multidisciplinary team; c) collecting and organizing information on the process studied; d) conducting a hazard analysis; e) develop-ing and implementing actions and outcomes measures.
FMEA applied in use-related risk analysis for medical devices
As an analytical methodology, FMEA can be very effective in improving process management and project management, but when it comes into medical sector, the particularities of this industry [6] (E.g.: the uncertainty of health care service standard causes difficulties in identifying failure mode; experts' subjective analysis determines the lack of objectivity of acquired data) make its application limited.
In this article, an improved FMEA method based on Fuzzy Mathematics and Grey Relational Analysis is developed to better carry out use-related risk analysis for medical devices. The operational process is shown in Fout! Verwijzingsbron niet gevonden..
As an example, the main analysis processes based on FMEA on the use-related risk of C-arm X-ray machine (see Fout! Verwijzingsbron niet gevonden.) -a specified medical device-are described. 
Analysis of use-related failures
After deep investigation into the use features and processes of C-arm machine, a use-related failure mode framework is developed (see Table 1 ). F i is a certain failure mode; F ij is the failure cause j in failure mode F i .
When implementing the investigation, the existing risk control information is requested to provide.
Risk evaluation with fuzzy language

3.2.1Define fuzzy language set
Fuzzy set theory applies fuzzy numbers to describe subjective and uncertain information quantitatively [7] . The fuzzy language set in FMEA is shown in Fout! Verwijzingsbron niet gevonden..
Determine the membership function
Considering the applicability and easiness, here triangle membership function is used to give examples. Triangle fuzzy number is generally expressed as A=(a,b,c). Its membership function is as Eq. (1) , , 0, To determine the triangle fuzzy numbers according to fuzzy language, the Delphi technique can be applied. Assume that there are n experts, each of whom has a weight of Ȝ i (i=1,2,3,…,n), and whose fuzzy evaluation of a certain language variable in failure modes is (a i ,b i ,c i ). Then on the basis of experts' opinions, the integrated triangle fuzzy number corresponding to the fuzzy language of this variable could be obtained as Eq.s (Fout! Verwijzingsbron niet gevonden.) and (Fout! Verwijzingsbron niet gevonden.). In fuzzy theory, defuzzification of fuzzy numbers is the premise of applying grey relational theory, which could be achieved through Eq (5). 
FMEA team evaluation
The FMEA team is composed of 5 experts related to the use of C-arm machine. Their jobs and evaluation weights are: 1 attending physician (0.2), 2 device operator (0.2 each), 1 device maintenance man (0.25) and 1 medical manager (0.15). Each member of the FMEA team needs to give assessment on S, O and D of each failure mode, according to the fuzzy language variables and their fuzzy numbers. Through weight combination, as well as integration according to Formula 2, 3, 4, and defuzzification according to Formula 5, we get Table 4 : Table 4 Experts investigation in use-related risk for C-arm machine based on FMEA In the table, the columns filled with grey background are the defuzzified values for S, O, D.
Integration of grey relational theory
First of all, the defuzzified values are arranged as a comparison matrix {F i (k)}. The sorting of failure modes can be carried out by building a reference matrix. The reference list of risk factors is determined by the ideal values of all the factors in FMEA, which can also be represented as a matrix. In this article, the worst value of all the variables is selected to build the reference matrix{F o (k)}. According to grey relational theory, the coefficient between the variables in failure mode and reference could be calculated (J (F o (k), F i (k))). 
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Here the identification coefficient [ is considered 0.5. Thus the relational coefficient matrix is R. 
Grey relational degree can be calculated through
So the failure mode grey relational degrees are listed in descending order as Fout! Verwijzingsbron niet gevonden.. 
Conclusions
From the above calculation, it's easy to identify the risk level of different use-related failure mode. A successful FMEA activity helps a team to identify potential failure modes, enabling the team to design those failures out of the system with the minimum of effort and resource expenditure, thereby reducing development time and costs. Besides, risk controls measures can also be taken in operations management, which means implementing use-related risk control for medical devices from the perspectives of people, devices, environment, system, etc., and from the levels of device use, human factor control, management specification, etc.
